INTRODUCTION
Type 316L stainless steel (316L SS) has been widely used as screws, plates and Kirscher wire in dental and orthopedic fields [1] [2] [3] owing to its good biocompatibility [3] [4] [5] [6] , good corrosion resistance and excellent mechanical properties 3, [7] [8] [9] . Although tissue response to 316L SS is satisfactory for most clinical cases, higher tissue response is required for some clinical cases 3, 10) . For example, bone bonding property or osteoconductivity is preferable when 316L SS is used for bone screws or bone plate. It should be also noted that machinability of 316L SS is much higher when compared to titanium (Ti). Therefore osteoconductive 316L SS is thought to be useful if its ostoeconductivity is similar to Ti.
Although the mechanism of bone bonding to materials has not been fully clarified up to date, calcium on the material structure is thought to play key roles. It is reported that Ca-binding proteins such as osteocalcin and osteopontin are involved in the tissue bonding to materials surface 11) . Osteocalcin and osteopontin are the extracellular matrix (ECM) and the former enhances migration of osteoblastic cells and the latter enhance initial differentiation of osteoblastic cells and promote the adhesion of osteoblastic cells to bone when bonded to osteoblasts through RGD (Argenin-Glycin-Asparginic acid) sequence 12) . Alternatively, Kokubo proposed that so-called biological apatite formation under body environment is the prerequisite for the osteoconductive materials [13] [14] [15] [16] . Also it is stated that, the materials should be negatively charged and the surface should have bonding ability with Ca for the biological apatite formation. For example, alkaline treated Ti shows negative charge, and has bonding ability to Ca. In the other words positively charged Ca 2+ would be attracted to negatively charge alkaline treated Ti, and bind its surface when alkaline treated Ti is exposed to body fluid which contains Ca 2+ . This alters surface charge to positive and the positive surface attracts PO4 3-from the body fluid to form amorphous calcium. Then amorphous calcium phosphate would be transformed to apatite due to maturation. In this case as well, Ca-modified surface is preferable since Ca need not to be bound in body. Also larger amount of Ca can be bound on materials surface using more concentrated Ca and/or sever condition if Ca-modification can be done outside the body.
Previously, we have reported that Ti can be modified with Ca using hydrothermal treatment and ozone treatment [17] [18] [19] . The Ca-modified Ti showed enhanced initial cell attachment and differentiation, when osteoblastic cells were incubated on their surface. Also Ca-modified Ti bound with bone without having connective tissue between them whereas connective tissue was observed between non Ca-modified Ti and bone when implants in rat tibia 19) . These results indicate that Ca-modification has key effects to improve cells' and tissues' response to Ti. If so, Ca-modification may be also useful to other materials such as 316L SS even though 316L SS in positively changed at natural pH 20) . In this study, the 316L SS was treated hydrothermally with CaCl2 to evaluate the feasibility of Ca-modification of 316L SS. Also SBF (simulated body fluid) which has almost the same inorganic ion concentration with blood plasma was used to understand the behavior of Ca-modified 316L SS in blood plasma and evaluate possible osteoconducitivity of Ca-modified 316L SS [13] [14] [15] [16] .
MATERIALS AND METHODS

316L SS plates obtained commercially (Lot 01021-88,
Hydrothermal calcium modification of 316L stainless steel and its apatite forming ability in simulated body fluid 3 ) were polished with #1500 SiC abrasive papers and washed with acetone and distilled water. The plates and CaCl2 solution (0, 10, 50, and 100 mmol/L) were put in hydrothermal vessel (Shikoku Rika Co. Ltd, Kochi Japan) which consists of a teflon inner vessel and a stainless steel jacket. Then, the vessel was kept at 100°C and 200°C for 7 days in a constant-temperature oven (D0-450FA, As One Corporation, Osaka, Japan). After hydrothermal treatment, the 316L SS plates were taken out from the vessel, rinsed with distilled water, washed with distilled water under ultrasonic condition (VS-F100, As One Corp.).
Surface chemical compositions of the modified 316L SS were analyzed using X-ray photoelectron spectrometer (XPS) which was performed with an ESCA 750 (Shimadzu Co., Kyoto, Japan) using a Mg K source (8 kV, 20 mA) at room temperature.
Simulated body fluid (SBF) with ion concentrations nearly equal to those of human blood plasma was prepared as described previously [13] [14] [15] [16] 21) . In short, SBF which contain Na + 142 mmol/L, K
.5 mmol/L was prepared from reagent grade chemicals (Nacalai Tesque, Inc. Kyoto, Japan) NaCl, NaHCO3, KCl, K2HPO4•3H2O, MgCl2• 6H2O, CaCl2 and Na2SO4. The pH value of SBF was adjusted to pH 7.4 by adding HCl. The 316L SS substrates that had been hydrothermally treated in distilled water or in CaCl2 solution (10, 50 and 100 mmol/L) were immersed into 30 mL SBF at 37°C for 14 days.
Surface morphology was observed using scanning electron microscope (SEM) (JSM-5400LV, JEOL Ltd, Tokyo, Japan) at 15 kV of accelerating voltage after gold coating.
Energy dispersive X-ray spectroscopy (EDS) (Genesis XM4, EDAX, New Jersey, USA) and X-ray diffraction (XRD) (RINT2000, RIGAKU Co., Tokyo, Japan; CuK, λ=1.5406 Å, 40 kV, 200 mA) were used for the compositional analysis of the precipitate. Figure 1 shows XPS spectra for hydrothermally-treated 316L SS plates at 100°C and 200°C in CaCl2 solution (0, 10, 50 and 100 mmol/L) for 7 days. No Ca peak was detected for 316L SS plates treated in distilled water regardless of the treatment temperature. Also no Ca peak was detected for 316L SS plates treated at 100°C regardless of the CaCl2 concentration ( Fig. 1(a) ). In contrast, a double Ca 2p peak was detected for 316L SS treated at 200°C regardless of the CaCl2 concentrations ( Fig. 1(b) ). The peak intensity increased with CaCl2 concentration (Fig. 1(b) ). and 100 mmol/L), when immersed in SBF for 14 days. No precipitate was found for 316L SS treated in distilled water. Also no precipitate was found for any 316L SS plates hydrothermally-treated with CaCl2 solution (0, 10, 50, and 100 mmol/L) at 100°C when they were immersed in SBF for 14 days (Data not shown). In contrast, assemblies of spherical particles were found on the hydrothermally-treated 316L SS in CaCl2 solutions regardless of the CaCl2 concentration as shown in Fig.  2(b-d) . The amount of the precipitate on the plates increased with CaCl2 concentration or the level of modification by Ca. In other words, approximately 30% was covered with the precipitate for 10 mmol/L CaCl2, treated 316L SS whereas approximately 70% was covered with the precipitate for 50 mmol/L CaCl2 treated 316L SS. In the case of 100 mmol/L CaCl2 treated 316L SS, its surface was fully covered with the precipitate. Figure 3 shows typical EDS spectra of 316L SS substrates treated hydrothermally with CaCl2 solution at 200°C after being immersed in SBF for 14 days. Several peaks assigned to Fe, Cr and Ni, constituent elements of 316L SS, were observed in the case of 316L SS hydrothermally-treated with distilled water at 200°C for 7 days. No peaks assigned to Ca or P was detected. In contrast, new peaks assigned to Ca and P was observed in addition to 316L SS peaks in the case of 316L SS hydrothermally-treated with CaCl2 solution when they were immersed in SBF. Figure 4 summarized the XRD patterns of the precipitate formed on 316L SS surface along with that of standard HAp. The broaden diffraction peaks were detected around 26° and 32° in 2θ. There is no peak assigned to 316L SS and the peak position is the same with that of apatite (JCPDS: 72-1243).
RESULTS
DISCUSSION
The results obtained in the present study demonstrated clearly that 316L SS can be modified with Ca based on hydrothermal treatment. It should be emphasized that surface of 316L SS is positively charged 20) . Kokubo et al. reported that Ca 2+ should be bonded to the materials surface for the materials to be osteoconductive [13] [14] [15] [16] . They also reported that the surface charge of the materials should be negative for the Ca 2+ to bond on its surface [13] [14] [15] [16] . Our previous studies demonstrated that Ca-modified Ti can be made based on hydrothermal treatment of Ti with CaCl2 solution 17, 19) . However, the results may be taken as the enhancement of bonding of Ca 2+ to negatively charged Ti surface under hydrothermal condition. In contrast, the present study demonstrated that Ca-modification is possible even for positively charged surface under hydrothermal condition. Ca-modification was only available when treated hydrothermally at 200°C whereas no Ca-modification was possible when treated at 100°C. This indicated that Ca-modification to positively charged 316L SS is strongly temperature dependent. Also amount of Ca-modification was larger when higher concentration of CaCl2 was employed for hydrothermal treatment at 200°C. At present, detailed mechanism of the Ca-modification has not been clarified even for Ti.
Understanding of Ca-modification mechanism is thought to be important to widen the usefulness of Ca-modification.
Ca-modification is thought to play important roles for tissue response and so-called biological apatite coating. With respect to tissue response, Ca-modified 316L SS should have improved cell and tissue response if cells' response was governed by the Ca present on the surface through activation of Ca-binding protein. In fact, it is reported that Ca-modified Ti demonstrated improved osteoconductivity 18) . The osteoconductivity could be also explained by the biological apatite formation at physiological condition as hypothesized by Kokubo [13] [14] [15] [16] . Although the usefulness of SBF for the initial screening of osteoconducitivity is still under dabate, Ca-modified On the other hand, Ca-modification was useful for coating of 316L SS with so-called biological apatite using the SBF 19) . Apatite coating is known to allow excellent tissue response and good osteoconductivity. In addition, drug delivery system (DDS) can be made using the biological apatite coating since the coating method can be done at low temperature. For example prepared fibroblast growth factor-2 (FGF-2) containing lowcrystalline apatite coated Ti screw. The method was done by exposing Ti screw to solution which is saturated to apatite and contains FGF-2. When the screw was used for external fixation, bone-screw interface strength was improved and pin trace infection was dramatically reduced due to enhanced skin tissue healing 22, 23) .
CONCLUSIONS
It was found that 316L SS surface which has positive charge can be modified with Ca when treated hydrothermally in CaCl2 at 200°C for 7 days. Larger amount of Ca was modified on the surface of 316L SS when treated with higher concentrated CaCl2.
Ca-modified 316L SS elicited of deposit on apatite crystals on its surface when immersed in SBF. The results obtained in the present study demonstrated potential value of Ca-modification method to alter cell and tissue response to 316L SS. Also Ca-modification was found to be useful for coating 316L SS with apatite based on apatite precipitation in SBF.
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